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Abstract 
 
Aluminum  alloys  with  magnesium  are  commonly  used  in  foundry  industry  due  to  lower  density  and  higher  corrosion  resistance, 
comparing with silumins. Complicated shapes of produced alloys, differences in wall thickness and operation under changing loads require 
performing  quality  control  as  early  as  in  stage  of  their  preparation  (melting).  To  register  crystallization  processes  and  monitor  
a phenomena arisen in result of the crystallization, are implemented methods based on analysis of temperature change (ATD, DTA). In the 
paper is present an attempt of usage of the ATND method (Thermal-Voltage-Derivative Analysis) to registration of crystallization process 
of the investigated alloy. Obtained results concern registration of the crystallization process, strength and fatigue tests of the material, and 
visual observation of morphology of alloy’s fracture after static tensile test. Performed regression analysis has enabled implementation  
of changeable values of characteristic points of the ATND method to estimation of mechanical properties of the AlMg10 alloy with 
SbNiCr additive. 
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1. Introduction 
 
Light-weight  metals  and  their  alloys  play  a  leading  role 
among  contemporary  structural  materials.  Nowadays,  usage  of 
aluminum  and  its  alloys  is  universal  –  starting  from 
communication,  electronics,  through  chemical  industry, 
mechanical  engineering,  up  to  household  appliances.  It  results 
from  their  mechanical,  physical  and  chemical  properties  (low 
density,  high  thermal  and  electric  conductivity,  good  chemical 
resistance and good mechanical properties) [1, 2]. To the most 
commonly used alloy-forming elements in Al alloys belong: Cu, 
Si, Mg, Mn, and Zn. Majority of the alloy-forming elements form 
a  fragile  intercrystalline  phases,  either  with  aluminum  or  with 
other constituents of the alloy. Practically, all aluminum alloys in 
cast condition feature soft and plastic metallic matrix, which is 
formed by crystals of solid solution of alloy-forming elements in 
aluminum. On their boundaries are present a hardening alloying 
additions in form of eutectic mixture or free interfacial phases. 
Except silumins, aluminum alloys with magnesium are the most 
commonly  used  casting  alloys.  Al-Mg  alloys  feature  good 
strength  and  plastic  properties;  however  they  feature  a  worse 
castability [3]. Anyhow, they are suitable for die castings and can 
be heat treated. Al-Mg alloys are used mainly in such applications 
where corrosion resistance is very important (are resistant for sea 
water), as well as for heavy duty elements, and for components 
endangered  on  impacts  [4].  In  the  past  these  alloys  were  used  
in a smaller extent due to two reasons. In case of such alloys, 
there  exists  a  need  of  long-lasting  and  expensive  thermal 
treatment in order to achieve satisfactory mechanical properties. 
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melting process of the alloy is the second difficulty in usage of 
these alloys. The alloys should be melted under protective cover 
or  in  protective  atmosphere  because  magnesium  can  be  very 
easily oxidized. Melting temperature should be selected in such 
way to be the lowest, but still assuring demanded castability of the 
alloy. 
Currently, the Al–Mg alloys belong to the most widely used 
commercial  magnesium  alloys.  Basing  on  market  trends  for 
magnesium alloys, the best opportunity to expand range of their 
applications  is  clearly  the  automotive  industry,  in  which  these 
applications include inner body panels and a large number of non-
structural parts [5-7]. 
On metallic matrix of aluminum alloys with magnesium are 
also created a composites reinforced with ceramic molecules [8-
11]. 
Requirements, which face cast elements of machinery effects 
in necessity of implementation of theory of crystallization process 
to  control  of  technological  processes  as  early  as  on  stage  of 
preparation of liquid alloy [1, 2, 12-15].  
The  ATND  method  consists  in  permanent  measurement  of 
temperature  and  electric  voltage  generated  on  probes  during 
crystallization  and  phase  transformations  of  solidified  alloy.  In 
course of the measurement there are recorded generated voltage 
and temperature of tested specimen. Course of the crystallization 
is presented in form of a diagram created during solidification of 
the alloy [16]. The ATND method can be also used to estimation 
of mechanical properties of alloys [17-18].  
 
 
2. Methodology of the research 
 
AlMg10  (AG10)  alloy  is  classified  among  cast  alloys  of 
aluminum.  
The  first stage of the performed investigations consisted in 
crystallization  test  of  commercially  available  AG10  alloy  with 
chemical composition presented in the Table 1 below. 
 
Table 1. 
Chemical composition of the AG10 alloy 
Mg 
10,2 % 
Mn 
0,011% 
Fe 
0,165% 
Ni 
0,006% 
Zn 
0,025% 
Sn 
0,003% 
Ti 
0,038% 
Pb 
0,009% 
Cu 
0,006% 
Si 
0,25% 
Sb 
0,005% 
Li 
0,000% 
Na 
0,0022% 
Ca 
 0,001% 
Al 
remaining 
 
The alloy was melted in electric, resistance furnace, and next 
was  poured  into  metallic  mould  used  to  production  of 
standardized test pieces. The mould was adapted to controlling of 
crystallization process with use of the ATND method [16]. 
In  the  Fig.  1  are  shown  curves  of  solidification  and 
crystallization of AlMg10 alloys from pig sows. 
 
 
Fig. 1. Crystallization curves of the ATND method  
for AlMg10 alloy 
 
Mechanical  properties of  the  investigated,  commercial  AlMg10 
alloy, poured into metallic mould are shown in the Table 2. 
 
Table 2.  
Mechanical properties of the investigated alloy 
R0,02  R0,2  Rm  Eśr  A5  HB 
[MPa]   [MPa]  [MPa]   [MPa *10
4]   [%] 
102 - 124  148 - 170  179 - 216  4,9 - 7,5  0,9 - 2,2  74,5 – 
80,5 
 
In  the  next  step,  to  the  investigated  alloy  was  added   
a  complex  additive  having  the  following  composition:  Sb  - 
0,06%, NiCr10 - 2%. In result there was obtained an alloy with 
chemical composition shown in the Table 3. 
 
Table 3. 
Chemical composition of the AG10 alloy with SbNiCr 
Mg 
10,07 % 
Mn 
0,017% 
Fe 
0,164% 
Ni 
1,94% 
Zn 
0,02% 
Sn 
0,003% 
Ti 
0,038% 
Pb 
0,004% 
Cu 
0,006% 
Si 
0,21% 
Sb 
0,064% 
Li 
0,000% 
Na 
0,0022% 
Cr 
 0,17% 
Al 
remaining 
 
In the Fig. 2 are shown crystallization and solidification curves  
of AlMg10 alloy with additive of SbNiCr. 
 
 
Fig. 2. Curves from the ATND method for AlMg10 alloy with 
additive of SbNiCr  
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Choice of SbNiCr additive was confirmed during preliminary 
tests of AG10 alloy with various alloying additions, and next in 
course of performed static tensile tests.  
Mechanical properties obtained in course of strength tests of 
the test pieces for the alloy with SbNiCr addition are presented in 
the Table 4. 
 
Table 4.  
Mechanical properties of the alloy with additive of SbNiCr 
R0,02  R0,2  Rm  Eśr  A5  HB 
 [MPa]   [MPa]  [MPa]   [MPa *10
4]   [%] 
109 - 130  162 - 180  177 - 223  5,2 - 7,1  0,8 - 2,3  82 – 87 
 
In  the  Fig.  3  are  shown  crystallization  and  solidification 
curves from the ATND method for AG10 alloy with additive of 
SbNiCr,  with  marked  characteristic  points. Values  which  were 
read-out  from  these  points  (independent  variables)  constitute  a 
base to creation of files destined to regression analysis. Dependent 
variables constitute mechanical properties obtained in course of 
testing  of  the  test  pieces,  whose  crystallization  course  was 
registered with use of the ATND method (Table 4). 
 
 
 
 
Fig. 3. Curves from the ATND for  AG10 alloy with additive  
of SbNiCr , together with marked characteristic points: 
a) complete run of the crystallization process;  
b) magnification of marked area 
 
Marked characteristics points from the ATND method are:  
  - points of thermal curve (T1 - T3),  
- points of voltage curve (U1 - U4). 
Regression  analysis  was  performed  with  use  of  the  Statistica 
software developed by StatSoft. 
 
3. Description of achieved results  
of own researches 
 
Making comparison of the ATND method curves generated 
for the raw AlMg10 alloy (Fig. 1) and for the alloy with additive 
of  SbNiCr  (Fig.  2),  it  can  be  noticed  a  differences  in  run  of 
crystallization processes of these alloys. Exemplary curves from 
the ATND method for the analyzed alloys are shown in the Fig. 4.  
 
 
 
Fig 4. Curves of the ATND method for raw AlMg10 alloy and 
the alloy with additive of  SbNiCr 
 
In result of accomplished regression analysis one has obtained 
the  equations  (1-6)  describing  impact  of  change  of  the 
characteristic points on mechanical properties of AG10 alloy with 
additive  of  SbNiCr.  In  the  Figs.  5-10  are  shown  forecast  and 
observed (real) values obtained on base of developed equations 
and performed strength tests. 
 
R0,02 = 136,4 + 0,62T1 - 0,68T2 - 6,11U2 + 12,38U3 - 20,41U4  
 3,51 [MPa]                (1) 
R: 0,90; R
2
: 0,82; F ( 5,15) = 13,18 > F(0,05;5,15) = 2,90 
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R0,2 = 207,8 + 0,51T1 - 0,6T2 - 6,62U2 + 10,69U3 - 13,68U4  
 3,34 [MPa]                (2) 
R: 0,91; R
2
: 0,84; F ( 5,15) = 16,09 > F(0,05;5,15) = 2,90 
 
 
Fig. 6. Diagram of forecast and observed values of R0,2 variable 
 
 
Rm = 106,3 + 0,68T1 - 0,56T2 - 22,61U1 + 29,29U3 - 41,85U4  
 5,32 [MPa]                (3) 
R: 0,92; R
2
: 0,86; F (5,15) = 19,13 > F(0,05;5,15) = 2,90 
 
 
Fig. 7. Diagram of forecast and observed values of Rm variable 
 
A5 = -3,78 + 0,008T1  - 0,92U1 + 0,35U2 + 0,55U3 - 1,06U4   
 0,16 [%]                (4) 
R: 0,92; R
2
: 0,85; F (5,15) = 17,01 > F(0,05;5,15) = 2,90 
 
HB = 107,7 + 0,05T1 - 0,1T2 + 1,7U2   0,57          (5) 
R: 0,92; R
2
: 0,85; F (3,17) = 31,89 > F(0,05;3,17) = 3,19 
 
Eśr = 17,2 - 0,04T2 + 0,03T3 + 0,72U1 - 0,88U2 + 1,0U4  
 0,19 [MPa10
4]                 (6) 
R: 0,93; R
2
: 0,87; F (5,15) = 19,64 > F(0,05;5,15) = 2,90 
 
Fig. 8. Diagram of forecast and observed values of A5 variable 
 
 
Fig. 9. Diagram of forecast and observed values of HB variable 
 
 
Fig. 10. Diagram of forecast and observed values of Eśr variable  
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The Figs. 11 and 12 present photos of structure’s fracture after 
static tensile test for AlMg10 alloy. 
 
 
 
Fig. 11. Surface of the fracture of AlMg10 alloy;  
magnification 200x 
 
In  the  Fig.  11  we  can  see  a  trans-crystalline  fracture  having 
considerably developed area, with bands of broken links which 
are plastically deformed. 
 
 
 
Fig. 12. Surface of the fracture of AlMg10 alloy;  
magnification 1000x 
 
In the Fig. 12 is seen an area of cleavable fracture. Front of the 
crack through diversified planes of cleavage. Visible plastically 
broken links. 
The Figs. 13 and 14 present photos of structure’s fracture after 
static tensile test for AlMg10 alloy with additive of SbNiCr. 
 
 
 
Fig. 13. Surface of the fracture of AlMg10 alloy with additive  
of SbNiCr; magnification 200x 
 
In the Fig. 13 is seen trans-crystalline fracture with considerably 
developed  surface,  and  with  inclusions  located  inside 
discontinuity of the material. 
 
 
 
Fig. 14. Surface of the fracture of AlMg10 alloy with additive  
of SbNiCr; magnification 1000x 
 
In  the  Fig.  14  is  seen  a  front  of  the  fracture  passing  through 
numerous  planes,  and  traces  of  plastic  deformation  of  the 
material. 
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4. Conclusions 
 
On  base  of  the  performed  tests  it  is  possible  to  confirm  
a correlation between values of characteristic points of the ATND 
method  and  mechanical  properties  of  AlMg10  with  additive  
of SbNiCr.  
Adding  of  SbNiCr  additive  effected  in  change  of  run  of 
registered curves from the ATND method (Fig. 3) comparing with 
the alloy in commercial form (pig sows). 
Obtained dependencies (1-6) enable to estimate, basing on the 
ATND method, values of the R0,02, R0,2, Rm, A5, Eśr parameters 
and value of  HB 10/1000/30. It enables prompt assessment of 
quality of the alloy in aspects of its mechanical properties, and the 
same  its  suitability  to  production  of  important  components  of 
machinery. 
Continuation  of  the  research  shall  be  connected  with 
determination  of  an  impact  of  change  of  the  ATND  method 
characteristic points values on mechanical properties, in order to 
take  advantage  of  broad  range  of  their  change  in  practical 
implementation to control technological processes connected with 
preparation of the alloy. 
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